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CHAPTER 1-1 




Figure 1.  Phymatoceros bulbiculosus with capsules, a species that can occur in European streams and rivers.  Photo by Ken 
Kellman, through Creative Commons. 
Nomenclature for this chapter is based primarily on 
Söderström et al. (2016).  In addition, Lars Söderström 
provided me with correct names for species that I could not 
link to the names on that list.  TROPICOS also permitted 
me to link names by tracking the basionym.  I have ignored 
varieties, forms, and subspecies unless I could verify a 
current name for them.  These unverifiable taxa have been 
included in the species.  Listed synonyms are those I 
encountered in the aquatic literature and are not complete 
with all possible synonyms.   
To develop this list, I used my own bibliography, 
collected over the past 56 years, and Google Scholar.  
These papers soon led me to others.  I do not pretend that 
this is complete.  It concentrates on streams, but includes 
lakes and other wetlands.  It deliberately ignores bogs and 
mostly ignores fens, but nevertheless includes a few of 
these species because they were found in a wetland study.  
Bogs and poor fens have been treated in whole books and 
provide an extensive literature; fens seem somewhat less 
studied.  They would require considerably more review and 
time.  Thus I felt that less-reviewed topics, particularly the 
aquatic habitats with which I am most familiar, should be 
given priority.  Nevertheless, some of the citations took me 
into that literature. 
Many of the species on this list are not typical wetland 
or aquatic species.  They were, however, found in a 
wetland or aquatic study.  Their relative frequency can be 
suggested based on the number of references cited. 
The Anthocerotophyta (hornworts) is a small group 
when compared to the other two bryophyte phyla.  Few of 
these occur in wet habitats, although some have been 
reported from mountain streams.  Four of the five families 
have appeared among the studies cited herein. 
Anthocerotaceae 
Most systematic treatments include only Anthoceros 
and Folioceros in this family, but a number of studies use 
the name Aspiromitus, a genus that is considered a 
synonym of Anthoceros by Söderström et al. (2016), but 
some species have not been studied sufficiently to 
determine their affinities.  These are listed here in 
Aspiromitus until their affinities are better understood. 
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Anthoceros (Figure 2, Figure 5, Figure 6, Figure 7) 
The genus Anthoceros (Figure 2, Figure 5, Figure 6, 
Figure 7) occurs mostly on arable (suitable or used for 
growing crops)  fields (Porley 2020).  My own limited 
experience suggests that it is a non-competitor that benefits 
from the disturbance and reduction of "weeds" as 
competitors in such situations.  It is perhaps these same 
factors that permit it to occasionally live in wet habitats. 
Anthoceros agrestis (Figure 2) 
(syn. = Anthoceros punctatus var. cavernosus) 
Distribution 
Anthoceros agrestis (Figure 2) occurs primarily in the 
temperate zone in central Europe, ranging in northern and 
eastern Europe as well (Paton 1979), but is rather rare in 
the Mediterranean-Atlantic parts (www.iucnredlist.org).  It 
grows in arable fields and gardens, or in ditches in open 




Figure 2.  Anthoceros agrestis with capsules in an area that 
becomes muddy.  Photo by Michael Lüth, with permission. 
Aquatic and Wet Habitats 
The only wetland/aquatic study that I found including 
this species reported it in mountainous streams on Madeira 
Island, Portugal (Luis et al. 2015).  Anthoceros agrestis 
(Figure 2) is not uncommon, but difficult to find, because 
both the thallus and sporophytes are short-lived, and tend to 
occupy ephemeral habitats, such as the still-wet soils of 
receding rivers and lakes in the spring.  In New Brunswick, 
Canada, it is found on wet soil and humus in boggy habitats 
(Liverworts of New Brunswick 2019).  Kresáňová (2002) 
reported it from Slovakia, where it has been under-
recorded.  Paton (1979) considered it to have a more 
restricted distribution and ecology than that of Anthoceros 
punctatus (Figure 6-Figure 7). 
Reproduction 
Anthoceros agrestis (Figure 2) is monoicous (having 
male and female reproductive organs on same plant) (Paton 
(1979).  The antheridia may number up to 45 in a chamber.  
Archegonia are embedded in the thallus and the egg is 
enclosed within that thallus.  Szövényi et al. (2015) 
demonstrated its advantages as a model organism, 
demonstrating that the plants grew faster when provided 
with continuous light than when given long-day 
photoperiods when the light was at or below 300 µE m2 s-1.  
In the British Isles, it is a summer annual.  Sporophytes 
(Figure 2) mature July to December.  Colonies of Nostoc 






Figure 3.  Anthoceros thallus cs showing large parenchyma 





Figure 4.  Nostoc from Anthoceros agrestis.  Photo by Ralf 
Wagner <www.dr-ralf-wagner.de>, with permission. 
 
Biochemistry 
Several biochemical studies have used this hornwort as 
a model organism.  These have revealed alkaloids, a 
number of glutamic acids (Trennheuser et al. 1994), and 
cinnamic acid (accumulated as rosmarinic acid) (Peterson 
2003).  Soriano et al. (2018) considered that rosmarinic 
acid might aid in UV filtering, but none of the variables 
they measured seemed to respond significantly to the UV 
exposures used in the experiments.  However, all of them 
had an increasing trend under the combination of PAR UV-
A UV-B radiation. 
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Anthoceros caucasicus (Figure 5) 
Distribution 
Anthoceros caucasicus (Figure 5) is European (GBIF 
2019), occurring mostly in Macaronesia, with a few 
localities in the Azores, Portugal, Italy, southern Spain, and 
the Caucasus (During et al. 1996).  The only wetland study 
in which I found this species is that of Luis et al. (2015) in 
mountainous streams on Madeira Island, Portugal.  In a 
broader search on the species, I found that in 1994, it was 
discovered along a rivulet in The Netherlands (During et al. 
1996). 
Reproduction 
It is dioicous (having separate male and female plants) 
in The Netherlands, but monoicous elsewhere (During et 
al. 1996).  These plants in The Netherlands apparently 
originated from the large spores that were buried when the 
site was covered by sand 35 years earlier.  The land was 
unfertilized at the time of discovery.  Its general habitat 
includes rural mosaics with forest, hedges, pastures, and 
crops, as well as sublittoral sediment (GBIF (2019).  In 
addition, GBIF (2019) reports it from sublittoral sediment, 
in addition to its presence in rural mosaic habits of woods, 




Figure 5.  Anthoceros caucasicus, a stream that sometimes 
includes streams and rivulets among its habitats.  Photo by 
Rosalina Gabriel, with permission. 
 
Anthoceros punctatus (Figure 6-Figure 7) 
Distribution 
Anthoceros punctatus (Figure 6-Figure 7) occurs in 
Europe, Asia, and North and South America (MBG 2020).   
Aquatic and Wet Habitats 
Anthoceros punctatus (Figure 6-Figure 7) presents 
near absence in wetland studies; like the previous species, 
only one of the wetland studies I have reviewed reports this 
species, likewise from mountainous streams on Madeira 
Island, Portugal (Luis et al. 2015).  By contrast, Wagner 
(2011) reports that in Oregon, USA, it occurs mostly on 
recently disturbed soil in urban areas and is not common 
away from towns. 
 
Figure 6.  Anthoceros punctatus with sporophytes, in 
Madeira, Portugal.  Photo by Michael Lüth, with permission. 
 
Figure 7.  Anthoceros punctatus with maturing sporophytes 
beginning to dehisce.  Photo by Malcolm Storey, with online 
permission. 
Role 
A well-known symbiosis occurs between members of 
the Anthocerotophyta and Cyanobacteria.  Campbell and 
Meeks (1989) found that all Nostoc (Figure 4) species that 
were able to become symbionts in association with 
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Anthoceros punctatus (Figure 6) formed hormogonial 
filaments (gliding filaments;  Figure 8) in great frequency 
in its presence.  The production of hormogonia was 
induced when A. punctatus grew in  nitrogen-limited 
culture conditions.  These symbiotic filaments lacked 
heterocysts (Figure 6), were mobile, and were comprised 
of "distinctly" smaller cells than those of  "vegetative" 
filaments.  These small cells were the result of continued 
cell division without biomass increase.  During this time of 
rapid division, nitrogen fixation disappeared and CO2 
fixation decreased by 30%, accompanied by a 40% 
reduction in NH4
+ assimilation.  These, however, returned 
to normal rates within 72 to 96 hours after hormogonia 
induction.  Likewise, the hormogonia reverted to their 
vegetative growth state and differentiated heterocysts.  One 




Figure 8.  Nostoc punctiforme, a Cyanobacterium that can 
be a symbiont in cells of Anthoceros punctatus.  The colorless 
round cell at the lower left is a heterocyst.  Photo from  UTEX, 
through Creative Commons. 
Wong and Meeks (2002) examined the ability of non-
heterocystic strains of the Cyanobacterium Nostoc 
punctiforme (Figure 8) to form a symbiotic relationship 
with Anthoceros punctatus.  With ammonium deprivation, 
vegetative cells of another N. punctiforme mutant 
randomly lysed, thus forming short filaments 
(hormogonia).  These mutants were equally able to infect 
the hornwort compared to the wild type, but the association 
did not support the growth of the hornwort. 
Fungal Interactions 
The symbioses of this species are of interest regarding 
both its ecology and its evolution.  When spores of the 
Glomales fungus Claroideoglomus claroideum (syn. = 
Glomus claroideum) (Basidiomycota; Figure 9) contact the 
thalli of Anthoceros punctatus (Figure 6-Figure 7), they 
develop hyphae that appear within the thallus as branched 
hyphae (Schüßler 2000).  By 45 days in culture, these have 
formed arbuscules and vesicles.  This is the first record of 
an identified Glomalean arbuscular mycorrhiza-like 
symbiosis with a bryophyte. 
 
Figure 9.  Claroideoglomus claroideum, an endophytic 
fungus that can occur within cells of Anthoceros punctatus.  
Photo by V. A. Silvani, M. Pérgola, and S. Fracchia, through 
Creative Commons. 
Aspiromitus (Figure 10) 
Most of the members of the genus Aspiromitus (Figure 
10) have been included in the genus Anthoceros (Figure 2, 
Figure 5, Figure 6, Figure 7) (Söderström et al. 2016).  The 
four listed here have not yet been transferred or 
synonymized and must therefore still be treated in the 
genus Aspiromitus.  Their apparent limited distribution has 
left them as neglected taxa.  All of them are reported in 
only one paper on wetlands, that by Ruttner (1955). 
Aspiromitus asper 
Aspiromitus asper can occur in wetland areas in the 
tropics (Ruttner 1955).  It is reported from Java 
(Söderström et al. 2010).  I have been unable to find 
additional information on its distribution or ecology. 
Aspiromitus bullosus 
Aspiromitus bullosus can occur in wetlands in the 
tropics (Ruttner 1955).  It likewise has been reported from 
Java (Söderström et al. 2010) 
Aspiromitus lobatus (Figure 10) 
For Aspiromitus lobatus (Figure 10) Ruttner (1955) 
gave the most information, indicating that it occurs above 
water level, in water spray in the tropics.  Söderström et al. 
(2010) reported the species from Java. 
 
 
Figure 10.  Aspiromitus lobatus, a species that can grow in 
waterfall spray in the tropics.  Photo through Creative Commons. 
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Aspiromitus squamulosus 
Ruttner (1955) indicated that Aspiromitus 
squamulosus occurs over water in the tropics.  Information 
on this species is so scarce that I am unable to determine 
where it is known to occur. 
Folioceros (Figure 11, Figure 12) 
Folioceros (Figure 11, Figure 12) is a tropical and 
subtropical genus in and near Asia, where it grows on moist 
rocks, in fallow fields, and near waterfalls (Wikipedia 
2019).   
Folioceros fuciformis (Figure 11) 
(syn. = Aspiromitus falsinervius) 
Folioceros fuciformis (Figure 11) is often reported in 
checklists from various tropical locations and countries in 




Figure 11.  Wet Folioceros fuciformis with capsules, a 
species that lives in the zone above the water level in the tropics.  
Photo by Li Zhang, with permission. 
Aquatic and Wet Habitats 
  The only wetland record I could find was that of 
Ruttner (1955), indicating that it occurs up to about 30 cm 
above water level in the tropics.  The only labels in the 
online Consortium of North American Bryophyte Herbaria 
are from Hawaii, Micronesia (on steep clay and sand bank, 
associated with Philonotis revoluta and Selaginella sp.), 
Guam (abundant on moist clay bank), and India (in dense 
jungle beside a stream on a moist cliff and in wet soil of 




Folioceros glandulosus (Figure 12) 
(syn. = Aspiromitus glandulosus) 
Folioceros glandulosus (Figure 12) is known from 
waterfalls in the Asian tropics (Ruttner 1955; TROPICOS 
2020b).  Like Folioceros fuciformis (Figure 11), little 
information seems to be published about it. 
 
Figure 12.  Folioceros cf. glandulosus, a species that occurs 
in waterfalls of the Asian tropics.  Photo by Li Zhang, with 
permission. 
Dendrocerotaceae 
Megaceros (Figure 13) 
Of the nine species of Megaceros (Figure 13) listed by 
Söderström et al. (2016), only two occurred in the wetland 
studies I reviewed.  Both are primarily tropical. 
Megaceros flagellaris (Figure 13) 
 (syn. = Megaceros salakensis) 
Distribution 
Megaceros flagellaris (Figure 13) is widely distributed 
in the Eastern Hemisphere, especially the tropics, including 
Angola, China, Japan, India, Sri Lanka, Thailand, 
Philippines, Borneo, Indonesia, Papua New Guinea, New 
Caledonia, Samoa, Society Islands, Tahiti, Hawaii, 
Vanuatu, Australia, New Zealand, and Tanzania 




Figure 13.  Megaceros flagellaris with sporophytes, a 
species of waterfalls and permanently wet habitats, among others.  
Photo by Scott Zona, through Creative Commons. 
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Aquatic and Wet Habitats 
Ruttner (1955) reported Megaceros flagellaris (Figure 
13) from waterfalls in the tropics.  Cargill et al. (2013) 
considered its typical habitat to be shaded soil, over 
pebbles, rocks, and boulders, on fallen logs, and at the 
bases of tree ferns.  It is usually in permanently wet 
habitats such as streambanks or in creeks and streams.  In 
Thailand, Chantanaorrapint (2014) found it on wet rocks 
and tree logs in shady areas inside the forest.  Ruklani et al. 
(2016) found this species on wet rocks and tree logs, in 
shady areas inside the forest of Sri Lanka. 
Reproduction 
The species is monoicous (Chantanaorrapint 2014).  
Desirò et al. (2013) did not find any colonization of this 
species by fungi, although some other Anthocerotophyta 
are known to serve as suitable substrates. 
Megaceros tjibodensis 
The only wetland or aquatic report for Megaceros 
tjibodensis is in the listing of Ruttner (1955) for the tropics.  
None of the online label publications by the Consortium of 
North American Bryophyte Herbaria includes habitat 
information except an occasional mention of forest.  From 
these labels, we learn that the species occurs in montane 
forest in Micronesia and Myristica forest of the Caroline 
Islands.  Other locations include Indonesia and Java. 
 
Phymatocerotaceae 
Phymatoceros (Figure 1, Figure 14-Figure 16) 
Phymatoceros (Figure 1, Figure 14-Figure 16) is the 
only genus in this family (Söderström et al. 2016) and only 
one of its two species occurred in the aquatic/wetland 
studies reviewed here. 
Phymatoceros bulbiculosus (Figure 1, Figure 14) 
(syn. = Phaeoceros bulbiculosus) 
Distribution 
Proskauer (1957) reports Phymatoceros bulbiculosus 
(Figure 1, Figure 14) as widespread in the Mediterranean 
region of Europe and Africa, and it is also present in North 
and South America. 
Aquatic and Wetland Habitats 
Phymatoceros bulbiculosus (Figure 1, Figure 14) is 
the only member of this small family of two species 
(Söderström 2016) that seems to be reported from any 
wetland or aquatic habitat.  Ferreira et al. (2008) reported it 
from rivers.  Luis et al. (2015) found it in mountain streams 
on Madeira Island, Portugal. 
Distribution and Wet Habitats 
  It occurs on shaded soils in slow-to-dry or summer-
dry habitats (Doyle & Stotler 2006).  These include 
hillsides, creek banks, road and trail banks, and margins of 
sloping meadows.  Kresáňová (2002) reported the species 
as agricolous in Slovakia, but protected (red-listed), 
suggesting that it might be under-recorded. 
 
Figure 14.  Phymatoceros bulbiculosus, a species that can 
occur in rivers and mountain streams.  Photo by David Wagner, 
with permission. 
Reproduction 
The species is ephemeral (short-lived), appearing in 
open sites during the rainy season and producing abundant 
tubers (Figure 15-Figure 16) (Stotler et al. 2005) that 
presumably permit its survival when in a dormant state 
resulting from insufficient water. 
This perennial species is distinguished from the other 
species of Phymatoceros by the presence of these stalked 
tubers on the ventral thallus surface (Figure 15-Figure 16) 
(Doyle & Stotler 2006).  In some cases, the population 
consists entirely of only males or only females, persisting 
through these tubers. 
 
 
Figure 15.  Phymatoceros bulbiculosus showing numerous 
ventral tubers.  Photo by Donna Pomeroy, through Creative 
Commons. 
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Figure 16.  Phymatoceros bulbiculosus with young tubers.  
Photo by David Wagner, with permission. 
Notothyladaceae 
Phaeoceros (Figure 18-Figure 21) 
This genus has 34 species recognized by Söderström et 
al. (2016).  Of these, only two have been reported among 
the aquatic/wetland species reported here. 
Ridgeway (1967a) described the Nostoc (Figure 17) 
relationship in the genus Phaeoceros.  The Nostoc enters 
the thalloid cavities and produces typical globose 
endophytic (occurring within plant tissues) colonies.  In 
this event, or when the Nostoc is cultured on a nitrogen-
free substrate, but in intimate contact with the Phaeoceros 
thalli, chlorosis (abnormal reduction of green color in plant 
tissues) did not occur to the degree that it occurred in 
control cultures.  Ridgeway considered this evidence that 
the Nostoc fixed nitrogen that was available to the 
hornworts.  He also suggested that Nostoc might benefit if 
it could catabolize the carbohydrate components of the 





Figure 17.  Nostoc (brown) in hornwort.  Note the strings of 
round cells that form the hormogonia.  Photo by Chris Lobban, 
with permission. 
Phaeoceros carolinianus (Figure 18) 
(syn. = Anthoceros carolinianus, Anthoceros laevis 
var. carolinianus, Phaeoceros laevis var. carolinianus) 
Phaeoceros carolinianus (Figure 18) is a worldwide, 
ubiquitous species (Campbell & Outred 1995; Cargill & 
Fuhrer 2008).  It was reported in only one wetland aquatic 
study included here; Ferreira et al. (2008) reported it from 
rivers.  It is known in Australia from banks of waterways, 
as well as more terrestrial locations.  This is the most 
common of the Phaeoceros species in New Zealand 
(Campbell & Outred 1995). 
 
 
Figure 18.  Phaeoceros carolinianus with capsules, a species 
for which wet habitats include rivers and stream banks.  Photo by 
Hermann Schachner, through Creative Commons. 
Reproduction 
This is a monoicous species (Cargill & Fuhrer 2008).  
Penjor et al. (2016) reported that no tubers were present on 
this species at Coi Suthep, Chiang Mai, Thailand, despite 
their widespread occurrence among hornworts as a means 
of surviving unfavorable conditions.  They suggested that 
the habitat might not be suitable for their formation.  The 
antheridia (Figure 19) follow the typical pattern of green 
when young, turning yellow-orange at maturity.  This color 
change results from the loss of green chlorophyll due to 
conversion of chloroplasts to chromoplasts in the 
antheridial cells.  The genus is characterized by yellow 
spores with spines (Figure 20).  In their study in Thailand, 
Penjor et al. (2016) found that the sporophyte tissue can 
continue spore production throughout the growing season. 
 
 
Figure 19.  Phaeoceros antheridia in their yellow-orange 
mature stage.  Photo by George Shepherd, through Creative 
Commons. 
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Figure 20.  Phaeoceros carolinianus spores SEM.  Photo by 
Christine Cargill, through Creative Commons. 
Phaeoceros laevis (Figure 21) 
Distribution 
(syn. = Anthoceros laevis) 
Phaeoceros laevis (Figure 21)  is cosmopolitan, 
occurring in North America, South America, Europe, and 
Asia, but avoiding more northern locations above 60º N 
latitude (Schuster 1992).  It has been reported from South 
Island, New Zealand, but the Southern Hemisphere records 
should be viewed with caution, as they are probably all 
misidentified Phaeoceros carolinianus (Figure 18) (Cargill 
& Fuhrer 2008). 
Aquatic and Wet Habitats 
Phaeoceros laevis (Figure 21) occurs on moist rock 
surfaces or springy banks of ravines in Connecticut, USA 
(Nichols 1916).  Watson (1919) reported that it occurs on 
ground associated with fast water.  In South Island, New 
Zealand, plants so-named are positively correlated with 
bankfull discharge in 48 streams  (Suran & Duncan 1999).  
It survives in steep streams in the high rainfall area of 
South Island, New Zealand (Lepp 2012).  For Phaeoceros 
laevis there was little or no difference in drag forces 
between bare rocks and hornwort-bearing rocks (Lepp 
2012).  Phaeoceros laevis (Figure 21) can be found in 
rivers (Ferreira et al. 2008); and occurs in mountainous 
streams in Madeira Island, Portugal (Luis et al. 2015).  
 
 
Figure 21.  Phaeoceros laevis with sporophytes, a Northern 
Hemisphere hornwort that occurs in rivers, streams, and on wet 
soil.  Photo by David Holyoak, with permission. 
This species is common in areas that have abundant 
moisture, including moist soil in fields, sides of ditches and 
streams, and is sometimes even submerged (Isaac 1941). 
Reproduction 
One of the earliest reports of Phaeoceros laevis 
(Figure 21) is that it can be aposporous (producing 2n 
gametophytes from sporophyte tissue with no meiosis) 
(Lang 1901).  It is dioicous (Cargill & Fuhrer 2008) and 
behaves as a short-day plant for antheridial initiation, but 
requires no critical temperature for initiation (Ridgeway 
1967b).  It grows well and forms gametangia at both 10ºC 
and 21ºC under short-day (occurring only after being 
exposed to light periods shorter than a critical length, as in 
early spring or fall) conditions, whereas liverworts and 
mosses in the same experiment were more specific in their 
requirements (Benson-Evans 1964). 
Fungal Interactions 
In addition to Nostoc (Figure 17) symbionts, Ligrone 
(1988) identified an aseptate fungus living as an endophyte 
in Phaeoceros laevis (Figure 21).  This fungus forms 
extracellular (on outside of cell) thick-walled hyphae, 
intercellular (between cells) thin-walled hyphae, and 
intracellular (within cells) arbuscules (treelike growth of 
filaments in certain mycorrhizal fungi).  Vesicles (swollen 
end cells, thought to be storage organs for food reserves in 
fungi) can be formed by either inter or intracellular hyphae 
that swell.  These are common in summer.  The fungus 
colonizes the host parenchyma, but is absent at the growing 
apices and epidermal cells.  The infected cells of the 
hornwort increase their cytoplasmic contents while the 
chloroplast loses starch and its pyrenoid (protein body in 
chloroplasts of algae and hornworts, involved in carbon 
fixation and starch formation and storage).  The arbuscule 
forms numerous convoluted branches intermingled with the 
arbuscular hyphae (Figure 22-Figure 23).  Eventually the 
arbuscule degenerates, leaving intracellular clumps of 
collapsed hyphae.  These hornwort cells can become re-
infected.  Ligrone and Lopes (1989) reported that in some 
strains of this hornwort sessile (unstalked) or shortly 






Figure 22.  Diagram of arbuscular mycorrhiza, 
Glomeromycota, in a root.  Diagram by M. Piepenbring, through 
Creative Commons. 
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Figure 23.  Arbuscular mycorrhizae in root cells.  Photo by 








Four families of hornworts have members that are 
associated with aquatic or wetland habitats.  These 
representatives are rarely submersed.  Some have 
Cyanobacteria partners that aid by producing usable 
nitrogen through nitrogen fixation.  Others have 
associated fungi, but their role requires further 
investigation.   
Anthoceros agrestis, Anthoceros caucasicus, 
Anthoceros punctatus, Megaceros flagellaris, 
Phymatoceros bulbiculosus, and Phaeoceros laevis 





I appreciate Lars Söderström, who helped me find the 
current acceptable names for a number of older taxa.  
Thank you to all those who have put their images in 
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